Refined control of thermoresponsive swelling/deswelling and drug release properties of poly(N-isopropylacrylamide) hydrogels using hydrophilic polymer crosslinkers.
Thermoresponsive poly(N-isopropylacrylamide) (PNIPAm)-based hydrogels are widely investigated for their ability to alter their physical properties (e.g. dimensions, swelling/deswelling) in response to change in temperature. Despite extensive research efforts, it is still challenging to control various aspects of thermoresponsive physical properties of PNIPAm hydrogels in an efficient and comprehensive manner using conventional small molecular crosslinkers due to their limited solubility and functional groups. Herein, thermoresponsive swelling/deswelling behavior of PNIPAm hydrogels is tuned in a wide range by hydrophilic polymeric crosslinkers with varying chain lengths. The concentration and molecular weight of the poly(ethylene glycol) (PEG) crosslinker are varied to control the swelling/deswelling behavior, drug release, and lower critical solution temperature (LCST) of PNIPAm-PEG hydrogels. Compared with PNIPAm hydrogels crosslinked with a conventional small molecular crosslinker, N,N'-methylenebisacrylamide, greater degree and range of thermoresponsive swelling/deswelling as well as tunable LCST are demonstrated for PNIPAm-PEG hydrogels. In addition, more swelling-controlled PNIPAm-PEG hydrogels displayed more sustained and variable thermoresponsive drug release based on their crosslinking density, by modulating the hydrophobic transition of PNIPAm chains with hydrophilic PEG chains. In sum, various thermoresponsive properties of PNIPAm hydrogels could be controlled by hydrophilic polymeric crosslinkers, and this strategy could be applied to various hydrogel systems to control their physical properties for biomedical applications.